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Abstract 

Road mortality is thought to be a leading cause of turtle population decline. Empirical 

evidence is lacking however, thus the purpose of this study was to test the prediction that 

road mortality reduces turtle populations. While controlling for potentially confounding 

variables, I compared relative abundance of painted turtles (Chrysemys picta marginata) 

in 20 ponds across eastern Ontario, 10 very close to high traffic roads and 10 as far as 

possible from any major roads. I did not find a significant effect of roads on turtle relative 

abundance, suggesting that road mortality does not negatively affect the sampled turtle 

populations. I suggest that other factors may reduce or counter-balance the negative 

effects of road mortality. There are however, circumstances in which road mortality poses 

a distinct threat to turtle population persistence because of forced over-land migration 

across high traffic roads. It is at such sites that mitigation efforts for painted turtles should 

be focussed. 
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Introduction 

Turtle populations have been declining over the past several decades (Wilbur 

1975, Garber and Burger 1995, Gibbons et al. 2000, Ernst and Lovich 2009). Canada is 

home to eight species of freshwater turtles, each of which is listed as either endangered, 

threatened or a species of special concern under the Canadian Species at Risk Act 

(SARA) in one or more of its regions of occurrence (Government of Canada 2011). 

Turtle life history is characterized by high hatchling mortality, delayed sexual maturity 

and high adult survivorship; thus any threat that decreases adult numbers has the potential 

to greatly impact the persistence of the population (Gibbs and Shriver 2002, Bulte et al. 

2010). 

There are several possible causes for turtle population decline including mortality 

caused by turtle bycatch in inland fisheries (Dorcas et al. 2007, Bury 2011, Larocque et 

al. 2012), mortality and disturbance caused by recreational boating (Galois and Ouellet 

2007, Bulte et al. 2010), and turtle collection for consumption purposes or for the pet 

trade (Wood and Herlands 1997, Schlaepfer et al. 2005). Another possible cause is 

habitat destruction or alteration, including the construction or expansion of residential 

and commercial developments (Garber and Burger 1995, Wood and Herlands 1997, 

Findlay and Bourdages 2000, Ernst and Lovich 2009). An increase in human 

development also increases the risk of predation on turtles and their nests as the 

abundances of common predator species associated with humans, such as raccoons 

(Procyon lotor), foxes (Vulpes vulpes), coyotes (Canis latrans) and domestic dogs (Canis 

lupus familiaris) and cats (Felis catus) increase as well (Christens and Bider 1987, 

Temple 1987). 
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With any new or expanding human development comes the need for roads. Road 

mortality is thought to be one of the primary causes of turtle population decline, as many 

turtles are found dead on roads each year (Ashley and Robinson 1996, Wood and 

Herlands 1997, Marchand and Litvaitis 2004a, Aresco 2005a, Gibbs and Steen 2005, 

Beaudry et al. 2008). Road mortality is reported as a principal threat to turtle populations 

in seven of the ten population status reports for the turtle species listed on the SARA 

Public Registry (Government of Canada 2011). 

Despite the fact that roads are thought to have a negative effect on turtle 

abundance, there is no direct evidence to date that roads actually cause declines in turtle 

populations. Rather, the inference that roads reduce turtle populations is based on indirect 

evidence, most notably altered sex ratios in turtle populations near roads. Male-biased sex 

ratios in turtle populations near roads (Baldwin et al. 2004, Marchand and Litvaitis 

2004a, Steen and Gibbs 2004, Aresco 2005a, Gibbs and Steen 2005) have been 

interpreted as evidence that roads affect turtle population viability. Male-biased sex ratios 

are thought to be due to higher road mortality rates of female turtles than males because 

females often travel over land in search of suitable nesting sites, thus potentially coming 

into contact with roads (Baldwin et al. 2004, Aresco 2005a). In addition, females 

commonly use the loose substrate along road edges for nesting sites, further increasing 

their chance of being killed by a vehicle (Mahmoud 1968, Wood and Herlands 1997, 

Aresco 2004). This scenario has been supported by several studies which have found 

proportionally more female turtles dead on roads than males (reviewed in Steen et al. 

2006). It has been argued therefore that male-biased sex ratios are a sign of turtle 
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populations in imminent danger of population decline (Marchand and Litvaitis 2004a, 

Steen and Gibbs 2004). 

While many studies have suggested that roads should have a strong negative 

effect on turtle populations (e.g.: Ashley and Robinson 1996, Wood and Herlands 1997, 

Marchand and Litvaitis 2004a, Aresco 2005a, Gibbs and Steen 2005, Beaudry et al. 

2008), there is some debate. Gibbs and Shriver (2002) conducted a modelling study to 

investigate the effects of roads on turtle population persistence by simulating turtle 

movements in urban and rural landscapes of varying road density and traffic volumes. 

They modelled annual road-associated mortality in the United States for three groups of 

turtles (1-land turtles such as box turtles (Terrapene), 2-small bodied pond turtles such as 

painted turtles {Chrysemys picta) and 3-large bodied pond turtles such as snapping turtles 

{Chelydra serpentina)) by estimating the probability of a turtle being killed while 

crossing a road and the number of annual road crossings in landscapes of differing road 

density and traffic volume. They used this model in conjunction with traffic volume and 

road density data for each U.S. state to determine how different levels of annual road 

mortality should affect population persistence. While they found that roads had the 

potential to decrease population size in land and large-bodied pond turtles, no such effect 

was found for small-bodied pond turtles. Note however that Gibbs and Shriver's (2002) 

average estimate of annual road mortality for small-bodied pond turtles was much less 

than the estimate of approximately 5% provided by Bradford (2003) for a painted turtle 

population in the St Lawrence Islands National Park, a park found in the same geographic 

area as the sampled ponds in the current study. 
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At least two studies have attempted to test the effects of road density on painted 

turtle population structure and abundance - Marchand & Litvatis (2004a), and Steen & 

Gibbs, (2004) - but no significant effects on population size were found. Thus, to the best 

of my knowledge, there are no studies empirically demonstrating that turtle population 

abundance or distribution is negatively affected by roads. The authors offer two main 

explanations for this lack of effect. First, they suggest that perhaps no effects have yet 

been observed because the turtle populations being studied are in areas where roads are 

relatively new, thus not enough time has passed for an observable negative effect of road 

mortality on the population to be apparent (Findlay and Bourdages 2000, Steen and Gibbs 

2004). Secondly, accurate abundance estimates for turtles are notoriously difficult to 

make due to the high variability in turtle observability and catchability. Trying to avoid 

these issues often leads to small sample sizes in terms of the number of populations 

compared (e.g., near roads vs. far from roads); when more sampling effort is needed to 

estimate each population, fewer populations can be studied. 

My primary objective was to design a study that overcomes, to the extent 

possible, these difficulties and provides a test of the prediction that road mortality reduces 

turtle populations. I compared relative abundance of painted turtles {Chrysemys picta 

marginata) in 20 ponds across eastern Ontario, 10 as close as possible to high traffic 

roads and 10 as far as possible from any major roads. Painted turtles are abundant enough 

in eastern Ontario to allow estimates of relative abundance to be made over a single 

sampling season, and while the Ontario populations are not currently listed under SARA 

(Government of Canada 2011), painted turtles are certainly not immune to road mortality 

(e.g.: Ashley and Robinson 1996; Baldwin et al. 2004; Marchand and Litvaitis 2004a). I 
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selected only ponds and roads that had been in place for several decades so that the 

effects of past road mortality on the population would be observable. I also measured 

variables that influence painted turtle observability and controlled for variance due to 

observability in estimating turtle relative abundance. 

Although results of the modelling study done by Gibbs and Shriver (2002) 

suggest that populations of small-bodied pond turtles, such as painted turtles, may not be 

negatively affected by roads, road mortality is listed as a primary threat to the endangered 

Western painted turtle population in Canada's Rocky mountains (Government of Canada 

2011) and several studies have found male-biased sex-ratios in small-bodied turtle 

populations near roads (Baldwin et al. 2004, Marchand and Litvaitis 2004a, Steen and 

Gibbs 2004, Aresco 2005a, Gibbs and Steen 2005), presumably demonstrating that roads 

do have the potential to negatively impact even small-bodied pond turtles like the painted 

turtle. My goal was to design a study with a high likelihood of detecting an effect of high 

traffic roads on painted turtle populations, if such an effect is present. I predicted that 

turtle populations would be absent altogether, or in the very least, extremely male-biased 

in ponds close to high traffic roads. If, as predicted, high traffic roads do have a strong 

negative impact on painted turtle populations, this should be evident in the current study. 

Life history of Painted turtles 

Within Canada, painted turtles are found from the south-west coast of British 

Columbia across the entire southern region of Canada and into Nova Scotia. Their U.S. 

range is spotty in the west but extends over the northern border with Canada and down 

through the eastern half of the country to the Gulf of Mexico. Painted turtles are the only 
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species of turtle found across the entire North American continent (Ernst and Lovich 

2009). There are four subspecies of painted turtle. The southern painted turtle's 

{Chrysemys picta dorsalis) range does not extend north of southern Illinois. The western 

painted turtle {Chrysemys picta belii) is found within Canada, ranging from western 

Ontario to British Columbia, with the Rocky Mountain population listed as a special 

concern species under SARA (Government of Canada 2011). The eastern painted turtle's 

{Chrysemys picta picta) Canadian range stretches from eastern Quebec into Nova Scotia. 

The midland painted turtle {Chrysemys picta marginata) ranges, within Canada, from 

south-western Ontario into eastern Quebec. The midland painted turtle is the only painted 

turtle subspecies found within my study region (Ernst and Lovich 2009) and is not 

currently listed as a species at risk SARA (Government of Canada 2011). 

With such a broad range comes a diversity of habitat types and preferences. In 

general, however, painted turtles prefer shallow slow-moving water such as that found in 

ponds, swamps, creeks, and some rivers and lakes. Along the south-western reaches of 

their range, they are found primarily in open bodies of water such as lakes and wide 

rivers (Bury and Germano 2003) while farther north they are found most frequently in 

wetlands and ponds surrounded by forest (Findlay and Houlahan 1997, Baldwin et al. 

2004). Turtles are mainly diurnal (Ernst, 1971a), and spend much of their time in summer 

basking in the sun (Ernst 1971, Lefevre and Brooks 1995). Painted turtles prefer water 

bodies with soft bottom substrate because in the northern reaches of their range at least, 

they over-winter by burying into the substrate (Ernst and Lovich 2009). 

Painted turtles are precocial and grow rapidly during their first few years (Ernst 

and Lovich 2009). Although growth slows considerably during later years it does not stop 
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entirely, meaning that they exhibit indeterminate growth (Gibbons 1968, Congdon et al. 

2003, Ernst and Lovich 2009). Painted turtles are sexually dimorphic with females being 

larger than males (Wilbur 1975, Mitchell 1988, Ernst and Lovich 2009). Attainment of 

sexual maturity depends on body size rather than age and is highly variable, not only 

between populations in differing latitudes (Moll 1973, Shine andlverson 1995), but also 

from year to year within a single region (Frazer et al. 1993). However, sexual maturity is 

generally reached at 4-6 years in males and 7-10 years in females (Gibbons 1968, Wilbur 

1975, Mitchell 1988, Frazer et al. 1993). Turtles in the northern parts of their range 

generally take longer to reach sexual maturity (Mitchell 1988). 

The majority of females nest annually (Tinkle et al. 1981, Mitchell 1988, Ernst 

and Lovich 2009), with some nesting multiple times in a single season (Moll 1973, Snow 

1980, Tinkle et al. 1981, Krawchuk and Brooks 1998). While males are known to move 

over land occasionally in search of mates, it is primarily the females that travel 

terrestrially in search of potential nesting sites (Christens and Bider 1987, Aresco 2005a). 

The majority of terrestrial movements made by painted turtles are short, straight-line 

movements averaging 54 to 200 m from the pond edge (Christens and Bider 1987, Burke 

and Gibbons 1995, Rowe 2003, Baldwin et al. 2004, Caldwell and Nams 2006), with 

some longer distance movements occurring as well (>1 km; Bowne and White 2004, 

Caldwell and Nams 2006). 

In June and early July females bury clutches of 3-10 eggs (Wilbur 1975, Tinkle et 

al. 1981, Mitchell 1988) in loose substrate, such as sand, dirt, gravel or grass (Christens 

and Bider 1987, Baldwin et al. 2004, Ernst and Lovich 2009). Sex determination of the 

young occurs during the incubation period and is temperature dependent, with 
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temperatures less than 20°C and greater than 28°C producing almost exclusively females 

and temperatures in-between producing almost exclusively males (Gutzke and Paukstis 

1984, Ewert and Nelson 1991). After hatching, the young remain in the nest until the 

following spring (Wilbur 1975, Tinkle et al. 1981, Mitchell 1988). Nest failure and 

within-nest hatchling mortality rates are high, ranging from 30% to over 90% with the 

majority being due to nest predation (Wilbur 1975, Tinkle et al. 1981, Christens and 

Bider 1987, Mitchell 1988, Aresco 2004). Once past the hatchling stage (0-1 years), 

however, survivorship increases dramatically with adults generally showing survivorship 

rates of over 90% annually (Mitchell 1988). Most painted turtles live for approximately 

30-40 years (Ernst and Lovich 2009); however, individuals over the age of 60 years have 

been observed (Congdon et al. 2003). 

Methods 

Site Selection 

I selected 20 permanent ponds across eastern Ontario, 10 of which were close to a 

freeway, highway or a major arterial road ("Road" sites; mean distance from high traffic 

road ± SE = 65 ± 10 m), while the other 10 were as far as possible from any major roads 

(tcNo Road" sites; mean distance from closest major road = 1517 ± 285 m) (Figure 1; 

Table 1). I used a distance of 300 m from each pond as the minimum distance to a major 

road for selection of No Road sites (Table 1), as land-based movements of most painted 

turtles occur within 300 m of the pond (Christens and Bider 1987, Burke and Gibbons 

1995, Rowe 2003, Baldwin et al. 2004, Caldwell and Nams 2006). Although I attempted 

to only select ponds for my No Road sites that had no roads at all within a 300 m radius 
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of a point at the centre of each pond, this was not possible to do in all cases while also 

keeping other potentially confounding local and landscape variables similar between 

Road and No Road sites. Three of the 10 No Road sites had no roads at all within a 300 

m radius of the pond, three had one unpaved road (one of which lead to a dead end), and 

the remaining four No Road sites had one minor paved road within 300 m radius of the 

pond. Major roads included any road that was classified as an arterial road, highway, 

expressway or freeway, while minor roads included any road that was classified as a 

local/street or collector road (Ontario Ministry of Natural Resources 2010a). 

If road mortality due to collisions with vehicles reduces turtle populations, and the 

probability of a crossing turtle being struck and killed by a vehicle increases with traffic 

volume (Aresco 2005b), then this negative effect should be most apparent at ponds near 

roads with very high traffic volumes. Traffic volume is measured as the Average Annual 

Daily Traffic (AADT) and represents the average traffic occurring every 24 hours 

between January 1st and December 31st (Ontario Ministry of Transportation 2008). I 

selected ponds for the Road sites that were along major highways and roads with very 

high traffic volumes (6900 to 73932 AADT; mean = 20784 AADT). Traffic on the roads 

within 300 m of ponds in the No Road sites ranged from 50 to 500 AADT (mean = 350 

AADT). To compare traffic across Road and No Road sites, I calculated the total AADT 

within a 300 m radius of each pond by multiplying the AADT on each road by the length 

of the road (in km) within the 300 m radius. Total AADT within 300 m radius of ponds 

ranged from 3421.3 to 79146.9 (mean = 18492.2; Table 1) at Road sites and from 0 to 

311.8 (mean = 112.3; Table 1) at No Road sites. Although some turtles are killed on 

gravel and minor roads like the ones within 300 m radius of the No Road sites (e.g. 
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Marchand and Litvaitis 2004a), traffic volume averaged almost sixty times greater along 

the high traffic roads at the Road sites than it did along the minor roads at the No Road 

sites, presumably resulting in much greater road associated mortality at the Road sites. 

Traffic volume was determined for seven of the ten Road sites using 2008 data provided 

by the Ontario Ministry of Transportation (Ontario Ministry of Transportation 2008) and 

for the three remaining Road sites, using 2011 data provided by the City of Ottawa 

(unpublished data). Traffic data was not available for the minor roads within a 300 m 

radius of ponds, thus AADT estimates were made using the procedure outlined in 

Eigenbrod et al. (2008). They conducted two 15 minute traffic counts on their roads of 

interest (with unknown traffic volume) and on similar roads in the area (with known 

traffic volume). For the roads with known traffic volumes they determined the ratio of the 

traffic volume measured during the 15 minute count to the known traffic volume, then 

using this ratio, they were able to make traffic volume estimates for their roads with 

previously unknown traffic volumes. In addition to traffic volume, I measured road 

density (m/km2) within a 300 m radius of each pond using the Ontario Road Network 

dataset (Ontario Ministry of Natural Resources 2010a). 

I tried to find ponds and highways that were well established, meaning neither 

pond nor highway had recently been created or built, using the rationale that selecting 

ponds and roads that have been in place for several decades would increase the 

probability of seeing an effect on the painted turtle population (Findlay and Bourdages 

2000). The 20 ponds ranged in age from 25 to 90 years (mean = 50 years; Table 1) and 

the high traffic roadways associated with the Road sites ranged in age from 38 to 90 years 

(mean = 55 years; Table 1). Ages of ponds and roads were assessed using air photos from 
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the Canadian National Air Photo Library and through personal communication with land 

owners. 

Ponds ranged in size from 553 m2 to 19877 m2 (mean = 6380 m2; Table 1), and 

were a minimum of 4.5 km apart (Figure 1). The amount of forest in the surrounding 

landscape has been shown to affect turtle abundance in nearby wetlands (Findlay and 

Houlahan 1997, Marchand and Litvaitis 2004a) so I attempted to select sites such that the 

Road and No Road sites had similar amounts of forest within 300 m of the ponds (Table 

1). I also attempted to keep the amount of crop cover within a 300 m radius similar 

between Road and No Road sites as well as keeping urban area (any area where structures 

exceed 4 per 10000 m2; Ontario Ministry of Natural Resources 2007) low and similar 

between the Road and No Road sites (Table 1). In addition, I selected only ponds that did 

not have another obvious water source (including wetlands, lakes, rivers or other ponds) 

within 250 m (mean distance to nearest body of water ± SE = 372 ± 27 m; Table 1). The 

amount of forest and urban area within a 300 m radius of each pond was determined 

using Ontario Ministry of Natural Resources thematic data (Forest cover: Ontario 

Ministry of Natural Resources 2010b; Urban Area: Ontario Ministry of Natural 

Resources 2007) while the amount of crop cover was determined using aerial photos from 

2008 and 2009 (Ontario Ministry of Natural Resources 2009). I used ArcMap 10.0 

(ESRI, Redlands, California, USA) for all geographic information systems (GIS) 

analyses. 

Turtle Surveys 

Turtle surveys took place between June 1st and August 28th, 2011. For sampling 

purposes, ponds were paired based on geographic proximity with the exception of one 
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pair that was separated by a relatively large distance compared to the other pairs (pair G; 

Figure 1). The eastern Ontario study region was divided into four areas: north-east, south

east, south-west and north-west (Figure 1). I sampled one pair of ponds in each of the 

four geographic areas in a rotational manner such that all areas of the study region were 

sampled evenly throughout the sampling period. Four of the ten pairs contained one Road 

and one No Road site while three pairs contained two Road sites and three pairs 

contained two No Road sites. Despite this, Road and No Road sites were sampled evenly 

throughout the sampling period. 

Each pair of ponds was sampled twice a day for three consecutive days twice 

throughout the summer for a total of six sampling days at each pond. Each sampling day 

was divided into four sampling periods: Morning 1 (Ml, 08:00 - 10:20), Morning 2 (M2, 

09:30- 12:30), Afternoon 1 (Al, 12:30- 14:30) and Afternoon 2 (A2,13:15 - 16:45) 

such that each pond within a sampling pair was visited once in the morning and once in 

the afternoon each sampling day (Figure 2). The order of visits alternated each day so that 

the pond that was visited during Ml and Al sampling periods on the first day would be 

visited during the M2 and A2 sampling periods on the following day, and vice versa 

(Figure 2). After all 20 sites had been visited twice a day for three consecutive days 

(between June 6th and July 22nd, 2011), the entire process was repeated, and each site was 

visited twice a day for another three consecutive days (between July 25th and August 28th, 

2011). To ensure the same time interval for all sites between the first and second 

sampling periods, pairs of ponds were visited in the same order during the second 

sampling period as they were during the first, with the exception of two pairs that 

reversed order during the second sampling period.. 

12 



Each sampling period began with a single, slow, meticulous unidirectional search 

for painted turtles along the perimeter (< 3 m from shore) of the pond either by canoe or 

by foot. I recorded turtles seen and I attempted to catch, with a dipnet or by hand, every 

turtle that was seen. On the first day of the three-day period, directly following the 

perimeter search during the morning sampling period, two hoopnets (61 cm diameter, 183 

x 91 cm wings, 3.8 cm square nylon netting; Figure 3) were installed at the pond. Each 

hoopnet was placed with the open end facing the shoreline and baited with a partially 

opened can of sardines (Mitchell 1988, Roe et al. 2011). A floatation device was placed 

near the closed end of each net to allow trapped turtles access to the surface. The 

hoopnets were placed in areas where I had seen turtles during the perimeter search or, if 

no turtles had been seen, they were placed near areas that provided suitable basking 

habitat (including fallen logs or emergent rocks along the shoreline). Hoopnets were left 

in place for the duration of the three-day period, and were checked for turtles following 

the perimeter searches during each subsequent visit after initial set-up. The hoopnets were 

removed from the pond following the morning perimeter search on the last day of a three 

consecutive day period (Figure 2). 

All turtles caught were weighed using a Starfrit 5 kg digital scale (± 1 g) and their 

straight-line carapace length, width and depth were measured using a transfer caliper. Sex 

was determined using secondary sex characteristics: the male cloacal opening is located 

on the portion of tail that extends past the posterior edge of the carapace while the female 

cloacal opening is located on the portion of the tail that does not extend past the posterior 

edge of the carapace. Additionally, males have much longer foreclaws than females 

(Ernst and Lovich 2009). Sex can only be determined after reaching sexual maturity, and 
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size at sexual maturity in painted turtles is highly variable (Moll 1973, Frazer et al. 1993, 

Shine and Iverson 1995). While sexually mature males are easily identified, sexually 

mature females are larger versions of juveniles and can therefore only be determined by 

size or gravidity. For this reason I used the carapace length of the smallest identifiable 

male I sampled as the minimum size for assigning gender. That is to say, any non-male 

turtle that was larger than the minimum carapace length was classified as a female and 

any turtle smaller than the minimum carapace length was classified as a juvenile of 

unknown gender. Each captured turtle was given a unique carapace mark by drilling a 

small hole in the outer edge of two marginal scutes (Bulte and Blouin-Demers 2009; 

Figure 4). Turtles were released immediately after being weighed, measured and marked. 

Any recaptures were recorded and then released immediately. 

Methods were approved by the Carleton University Animal Care Committee and 

the appropriate permits were obtained from the Ontario Ministry of Natural Resources. 

Local Habitat Surveys 

Vegetation surveys took place between July 25th and August 28th, 2011. Each site 

was surveyed once. Marchand and Litvaitis (2004a) found that shoreline vegetation 

composition and percent surface cover by herbaceous-emergent vegetation were 

significantly related to turtle abundance. Therefore, I conducted a visual survey of the 

surface of each pond, recording the percent surface covered by open water, emergent 

vegetation and submerged aquatic vegetation that reached, but did not break the surface. I 

also conducted a visual survey of adjacent upland local habitat, including percent area 

covered by forest, shrubs, grass and open ground (dirt, sand or gravel) within 5 m of the 

shoreline. I measured temperature, pH and conductivity at random surface locations of 
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each pond immediately following each turtle survey using a Hanna Instrument handheld 

tester (HI 98129). 

Data Analysis 

Although I tried as much as possible to control for potentially confounding 

variables during site selection, there were still some variables potentially affecting turtle 

abundance that I was unable to pre-emptively control for, such as the local habitat 

variables mentioned above. Thus preliminary analyses were conducted using a series of 

two-tailed t-tests assuming either equal or unequal variances (depending on the results of 

a Levine's test for equality of variances) to determine whether any of the potentially 

confounding variables differed significantly between the Road and No Road sites. 

During each visit, all turtle observations were assigned to one of three mutually 

exclusive categories: (1) Sightings, (2) Captured by dipnet or by hand, or (3) Captured by 

hoopnet. Data subsets were created as follows: "Turtle Observations" represented 

sightings and captures that were affected by observability (see below) and included all 

turtle sightings and turtles captured either by dipnet or by hand (ie: (1) + (2)). "Turtles 

Captured" included turtles that were captured either by dipnet, by hand or by hoopnet and 

individually marked (ie: (2) + (3)). 

All statistical analyses were conducted using SPSS version 19.0. All data and 

residuals were screened for normality and transformed as necessary. The response 

variable Turtle Observations was square root transformed for all analyses. 

Observability and relative abundance 

Reliable estimates, even relative estimates, of turtle populations are difficult to 

obtain because of the many factors that can influence an observer's ability to detect 
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turtles. These include water clarity, water depth and whether or not there is submerged 

vegetation obstructing the view to the bottom. These factors must be taken into account 

when comparing relative turtle abundance between Road and No Road sites. In addition, 

while I attempted to standardize the sizes of the ponds, there was inevitably variation in 

pond size (Table 1). The effect of pond size must be controlled for when testing for a 

difference in turtle relative abundance between the Road and No Road sites. I therefore 

created a single "Observability" index as the product of pond size and visibility. Pond 

size was measured as the perimeter of the pond in meters and visibility was measured as 

the average visible depth in centimeters. If the water was perfectly clear and there was no 

vegetation obstructing the view, visibility was taken as the depth of the pond, to a 

maximum of 150 cm, as this was the maximum depth at which observations were made. 

Otherwise, visibility was based on secchi disk readings. The observability index provides 

a standardized estimate of the searchable volume of water at each pond. 

To validate the Observability index I conducted a simple linear regression of 

Turtle Observations on Observability. In addition, I individually regressed Turtle 

Observations on each of the potentially confounding local and landscape variables to 

determine whether any of them were significantly related to turtle relative abundance. 

Finally, I conducted 3 multiple linear regressions, each using Turtle Observations as the 

response variable, Observability index as one predictor variable and with site type (Road 

vs. No Road; where Road = 1 and No Road = 0), road density or total traffic volume 

(AADT) within a 300 m radius of the pond as a second predictor variable. 
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Frequency of males and females at Road vs. No Road sites 

In addition to my main objective of comparing turtle relative abundance at Road 

and No Road sites, I compared the frequency of males and females captured at Road and 

No Road sites. If females are killed more frequently on roads than males, I expected to 

see a male-biased sex-ratio and a larger difference in frequency of captures of females 

than males between Road and No Road sites. To test this prediction I performed a chi-

square test of independence on the number of males and females captured (Turtles 

Captured with juveniles removed) at Road and No Road sites. 

Body size 

Furthermore, I evaluated whether average body size of captured turtles was less at 

Road than at,No Road sites. I reasoned that if adult turtles are being killed by vehicles 

when they undertake over-land movements, then over time, this increased mortality of 

adults should lead to an overall decrease in body size in the population. To test this I 

conducted two one-tailed t-tests using square root transformed Turtles Captured (with 

juveniles removed) as the response variable. One compared average body size (measured 

as straight-line carapace length in mm) of females at Road and No Road sites while the 

other compared average body size of males at Road and No Road sites. 

Results 

None of the potential confounding local or landscape variables differed 

significantly between the Road and No Road sites (Table 2), indicating that I had 

successfully selected similar ponds in the two categories. 
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Turtle Observations totalled 497 (221 at Road sites and 276 at No Road sites; 

Appendix A). While these numbers likely include several re-sightings of the same 

individuals on subsequent visits, they should still provide a good estimate of relative 

population abundance across all sites. Of the turtles that were caught, 40 were female, 32 

were male and 4 were juvenile (Appendix B). There were two ponds (both at No Road 

sites) where I did not observe any turtles over the entire three month sampling period 

(Appendix A). 

Observability scores did not differ significantly between Road and No Road sites 

(/ = -0.199, df= 18,p = 0.845). There was a significant positive relationship between 

O b s e r v a b i l i t y  s c o r e  a n d  T u r t l e  O b s e r v a t i o n s  ( f t  =  0 . 6 4 1 ;  F =  1 2 . 5 4 0 5 ,  d f =  1 ,  1 8 , p -

0.002; Figure 5), with the Observability index accounting for just over 40% of the 

variation in Turtle Observations (R2 = 0.411; Figure 5). Therefore I included 

Observability in further analyses of Turtle Observations to account for variability due to 

observability and pond size. 

I conducted simple linear regressions of Turtle Observations on each of the 

potentially confounding predictor variables. None was significantly related to Turtle 

Observations (Table 3), and thus they were not included in further analyses. The multiple 

regressions of Turtle Observations on Observability and each of site type (Road vs. No 

Road), road density and total traffic volume, revealed no significant effect of the road and 

traffic variables on relative turtle abundance (Table 4). 

Contrary to predicted, more of the captured and sexed turtles at Road sites were 

females, however this trend was not statistically significant (.Pearson's X2
(n = 72) = 0.494, 

df- 1 ,p = 0.482; Figure 6). While males showed no significant difference in average 
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body size between Road and No Road sites (t  = 0.026, df= 30, p -  0.979; Figure 7), 

females were significantly larger at Road sites than at No Road sites (J = -2.737, df = 38, 

p = 0.009; Figure 7). 

Discussion 

The purpose of this study was to conduct a test of the prediction that road 

mortality reduces painted turtle populations. Road mortality is commonly high among 

turtles, especially in females, and has therefore been thought to negatively impact turtle 

populations (Mahmoud 1968, Ashley and Robinson 1996, Wood and Herlands 1997, 

Aresco 2004, Baldwin et al. 2004, Marchand and Litvaitis 2004a, Aresco 2005a, Gibbs 

and Steen 2005, Beaudry et al. 2008). Yet empirical evidence of the direct negative 

effects of road mortality on turtle populations is lacking. I compared painted turtle 

relative abundance at 10 ponds close to high traffic roads and 10 ponds far from high 

traffic roads but, contrary to what I expected, I found that painted turtle relative 

abundance did not differ between them, suggesting that road mortality, which I assumed 

to be very high along high traffic roads, does not have a negative impact on these painted 

turtle populations. 

There are two possible reasons that could explain why I did not find a relationship 

between the presence of high traffic roads and painted turtle relative abundance: (1) The 

predicted negative effect of road mortality on painted turtle populations was present but I 

was simply not able to detect it in the current study, or (2) although many painted turtles 

are killed on roads each year, there is in fact no overall negative effect on painted turtle 

populations. I will discuss each of these in turn. 
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If road mortality does negatively affect painted turtle populations, then why was I 

not able to detect such an effect here? Some studies have suggested that the negative 

effects of road mortality may be hard to detect in areas where roads are relatively new 

due to life history traits of turtles, namely their longevity and delayed sexual maturity, 

which may cause a time lag in detecting an effect on the population (Findlay and 

Bourdages 2000, Steen and Gibbs 2004). It is, however, unlikely that this was an issue in 

this study as I selected only ponds and adjacent roads that were several decades old. 

Although painted turtles can live for more than 60 years (Congdon et al. 2003) and do not 

reach sexual maturity until they are between 7 and 10 years old for females and 4 to 6 

years old for males (Gibbons 1968, Mitchell 1988, Frazer et al. 1993), the average age of 

the high traffic roads close to the Road site ponds was 55 years (± SE = 4.8 years; Table 

1) and the ponds themselves averaged 50 years old (± 0.9 years; Table 1), presumably 

allowing sufficient time for road mortality to negatively affect the populations at these 

sites if it was going to do so. 

It is possible that I was unable to detect a negative effect of roads due to 

confounding variables. Past studies have found that turtle abundance was correlated with 

certain habitat variables including, for example, the amount of forest in the landscape 

surrounding the wetland or pond (Findlay and Houlahan 1997, Baldwin et al. 2004) and 

the amount of emergent vegetation in and around the water body (Marchand and Litvaitis 

2004a). However, while such variables could potentially confound the impacts of roads, I 

controlled for these variables and others in my study design by selecting sites that did not 

differ significantly in any of the measured local or landscape variables (other than road 

density and total traffic volume; Table 2). As none of the potentially confounding 
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variables differed significantly between Road and No Road sites, and none were 

significantly related to turtle relative abundance (Table 3), it is highly unlikely that any of 

them would have confounded my ability to detect an effect of roads on painted turtle 

relative abundance. 

Consistent and accurate abundance estimates are important when conducting a 

study that compares several populations. There are a couple issues that make accurate 

abundance estimates of true turtle population size difficult: (1) observability, and (2) 

sample size. I was successfully able to account for the variability due to observability 

differences between ponds by creating an Observability index, the product of pond size 

and depth of visibility. Observability did not differ significantly between Road and No 

Road sites; however it had a significant positive relationship with turtle relative 

abundance (Figure 5). By including the Observability index as a predictor variable in my 

multiple linear regression models looking at road effects, I accounted for the variability in 

relative abundance due to observability and pond size issues, thus this too was unlikely to 

have confounded my ability to detect an effect of high traffic roads on turtle relative 

abundance. Studies of a single wetland or a small group of ponds in close proximity can 

make relatively good population estimates after several years of intensive sampling using 

mark-recapture techniques (e.g.: Congdon and Gibbons 1996). However, evaluating a 

single or a small number of turtle populations would not represent adequate replication 

for testing a prediction such as the one tested here. Given the number of ponds at which I 

sampled and the time restriction of a single field season, actual population estimates were 

simply not possible. While I assumed that my measure of relative turtle abundance was 

correlated with actual population size at each of the ponds, I am not able to know this for 
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sure. Had I been able to sample more intensively and get an estimate of true population 

size at a smaller sub-selection of the ponds this would have provided me with a better 

sense of the true relationship between my relative abundance estimates and actual 

population size. Despite this potential limitation, I was still able to reliably compare 

relative turtle abundance across sites as I used the same sampling methods at all sites. 

This allowed me to work under the assumption that ponds where I consistently observed 

more turtles likely had a larger population than ponds where I consistently observed 

fewer turtles. By comparing two groups of similar ponds that differed in their proximity 

to very high traffic roads, this study was specifically designed to target the effects of 

roads, which are hypothesised in the majority of the literature (e.g.: Ashley and Robinson 

1996, Wood and Herlands 1997, Marchand and Litvaitis 2004a, Aresco 2005a, Gibbs and 

Steen 2005, Beaudry et al. 2008) to have a strong a negative effect on turtle populations. 

Presumably if such a strong negative effect was present, it should have been observed in 

the current study despite my somewhat limited sample size and the use of relative 

abundance instead of true population counts. 

I conducted two sets of post-hoc analyses to further investigate the relationship 

between the Observability index and relative turtle abundance to see whether changing 

the measure of relative abundance would have any effect on the overall outcome of this 

study. First, I divided my Turtle Observations into two groups: "Basking Observations" 

included all observations made while turtles were basking and "In-water Observations" 

included all observations made while turtles were swimming in the water (Appendix A). 

The amount of time turtles spend basking, and thus visible for me to count during my 

surveys, is highly dependent on environmental conditions including cloud cover and wind 
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speed, among others (Ernst and Lovich 2009). I visited each pond twice a day for a total 

of six days to control for variation in environmental conditions; however I attempted to 

further control for this variation here by using the maximum number of turtle Basking 

Observations made during a single visit as my response variable ("Maximum Basking 

Observations"; Appendix A). Presumably, the visit in which I was able to make the 

highest number of Basking Observations at each pond represented the day with the most 

optimal environmental conditions for turtle basking observations. As visible water depth 

had no bearing on my ability to observe basking turtles, I omitted visible water depth 

from the Observability index and conducted a simple linear regression of pond size 

(measured as the length of the perimeter in meters) on the Maximum Basking 

Observations. Pond size was not significantly related to Maximum Basking Observations 

(Appendix D), therefore I excluded it from further analyses looking at the effects of roads 

on Maximum Basking Observations. I subsequently conducted three simple linear 

regressions using Maximum Basking Observations as the response variable with site type 

(Road vs. No Road), road density and total traffic volume as predictor variables. None of 

site type, road density or total traffic was significantly related to Maximum Basking 

Observations (Appendix D). As a second set of post-hoc analyses, I evaluated the 

relationship between In-water Observations and the Observability index. Unlike Basking 

Observations, visible water depth must be accounted for when using In-water 

Observations as the response variable; therefore I conducted a simple linear regression of 

the Observability index on In-water Observations. Surprisingly, Observability was not 

significantly related to In-water Observations (Appendix E). I therefore omitted the 

Observability index from further analyses using In-water Observations and conducted 
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three simple linear regressions using In-water Observations as the response variable with 

site type, road density and total traffic volume as predictor variables. Once again, none of 

the road associated predictor variables was significantly related to my measure of relative 

painted turtle abundance, In-water Observations (Appendix E). The results of these post-

hoc analyses, all of which show no significant effects of roads on painted turtle relative 

abundance, lend support to my previous conclusion that roads do not have a negative 

effect on the sampled painted turtle populations. 

While I did make an effort through site selection (by selecting only those ponds 

that were a minimum of 250 m from any other water source; Table 1) to limit 

immigration potential to my ponds, painted turtles have been shown on rare occasions to 

move much greater distances over land (>1 km; Bowne and White 2004, Caldwell and 

Nams 2006). It is therefore possible that I was unable to detect a negative effect of roads 

on turtle relative abundance even though one was present because the negative effect was 

being masked by immigrating individuals. Most painted turtle over-land movements are 

short distances averaging less than 200 m from the pond (Christens and Bider 1987, 

Burke and Gibbons 1995, Rowe 2003, Baldwin et al. 2004, Caldwell and Nams 2006), so 

by selecting only those ponds that were a minimum of 250 m from any other water source 

(with most being much further; mean distance to nearest waterbody = 372 m; Table I), 

frequent immigration seems unlikely. However unlikely, I cannot entirely rule out the 

possibility that immigration is masking the negative effect of roads on the sampled 

painted turtle populations. 

Finally, it is possible that road mortality can negatively affect painted turtle 

populations but that this did not occur due to the high traffic volume on the roads 
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included in this study. As part of my study design, I selected ponds for Road sites that 

were as close as possible to very high traffic roads (Table 1) on the assumption that the 

more traffic a road has, the less likely it would be that a turtle attempting to cross would 

survive (Aresco 2005b); thus high traffic roads directly adjacent to turtle populations 

should equate to very high rates of road mortality. There is the possibility however that 

very high traffic roads may simply act as movement barriers without significant 

mortality. In other words, turtles may not even attempt to cross the roads due to the 

constant heavy volume of traffic. Note however, that this is purely conjectural as painted 

turtles have not been shown to avoid roads (e.g.: Baldwin et al. 2004). It is therefore 

unlikely that I did not detect a negative effect of roads on painted turtle relative 

abundance because of the very high traffic volume on roads close to my Road sites. 

The other possible explanation for why I did not observe a relationship between 

the presence of high traffic roads and painted turtle relative abundance in this study is 

perhaps because no such relationship exists. There may be one or more compensatory 

positive road effects that are counter-balancing or reducing any negative effects of road 

mortality such that there is no net negative effect of roads on turtle populations. For 

example, as mentioned previously, turtles experience very high mortality rates as eggs or 

young in the nest, much of this due to nest predation by species such as racoons (Procyon 

lotor) and foxes (Vulpes vulpes) (Wilbur 1975, Tinkle et al. 1981, Christens and Bider 

1987, Mitchell 1988, Aresco 2004): Studies have found reduced predation of turtle nests 

farther from the pond edge (Christens and Bider 1987, Kolbe and Janzen 2002, Marchand 

et al. 2002, Baldwin et al. 2004) and closer to road edges (Marchand and Litvaitis 2004b). 

In addition, numerous studies have shown that predator species are susceptible to the 
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negative impacts of roads (reviewed in Fahrig and Rytwinski 2009). It is therefore 

possible that the negative effect of road mortality on turtles is outweighed by the positive 

impact of predator release on eggs and young thus increasing the overall recruitment into 

the population. 

Increased recruitment into populations close to high traffic roads would 

presumable lead to a smaller average body size in turtle populations at Roads sites 

compared to No Road sites. Puzzlingly however, females were found to be, on average, 

significantly larger at Roads sites while males had the same average body size at Road 

and No Road sites (Figure 7). Roe et al. (2011) compared turtle populations in a suburban 

landscape and in an adjacent nature preserve and found that populations in the disturbed 

suburban areas were primarily composed of larger individuals, although they found this 

trend to be true in both males and females. They found that adult turtles in the suburban 

population exhibited much higher growth rates than those found in the nearby nature 

reserve, likely explaining the observed difference in overall body size. While they do not 

provide conclusive reasoning for the observed difference in body size and growth rate 

between the suburban and nature preserve populations, they suggest that the more 

disturbed suburban site may have increased nutrient loads thus somehow provide access 

to more food resulting in increased growth rates (Roe et al. 2011). It seems unlikely 

however that the larger average body size observed at Road sites in the current study was 

a result of differential growth rates between site types as Road and No Road sites did not 

differ significantly in local or landscape scale habitat variables and the difference in 

average body size was only observed in females. I suggest that a yet-to-be-determined 

factor, somehow related to nesting behaviour (a behaviour that is exclusive to females in 
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painted turtles), is likely responsible for causing this significant size differential in 

females between Road and No Road sites. 

It is also possible that rapid evolution has occurred in turtle populations at Road 

sites, therefore eliminating the negative effect of road mortality on the populations. If 

road mortality is high in a particular area and all turtles that attempt to nest close to roads 

or cross roads are killed, then over time this should eventually lead to natural selection 

against individuals undertaking overland movements at sites close to high traffic roads. 

Janzen and Moijan (2001) looked at repeatability in micro-environment-based nest site 

choice in female painted turtles and suggest that certain aspects of painted turtle nesting 

behaviour may indeed be subject to microevolution. Temple (1987) found that 

significantly more females were nesting away from ecological edges, such as the edge of 

a wooded area where nest predation was higher, than would be expected if they were 

nesting randomly within the landscape, suggesting that selection may favour females that 

nest further from ecological edges. It is therefore possible that selective pressures from 

road mortality have favoured females that nest close to ponds at sites close to high traffic 

roads resulting in reduced road mortality and less potential for population decline. This is 

somewhat speculative however as I am unaware of the actual over-land movement 

patterns of the turtles in the sampled populations. 

One possible way to test this hypothesis would be to conduct a radio-telemetry 

study similar to the one described in Row et al. (2007). By tracking more than one 

hundred individual black ratsnakes (Elaphe obsolete) over a period of eight years they 

were able to estimate percent annual road mortality for the population and use this value 

in a population viability analysis to determine the impact of road mortality on the 
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probability of population persistence. The Row et al. (2007) telemetry study was 

however, conducted on a single population near a secondary road, which would not be 

sufficient for comparing estimated population viability of turtle populations at multiple 

sites close to and far from high traffic roads. If however, the same methods were applied 

to several turtle populations the direct impacts of road mortality on painted turtle 

populations could perhaps be determined with greater accuracy. Baldwin et al. (2004) 

conducted a radio telemetry study looking at over-land movements made by painted 

turtles in three ponds with varying road density in the surrounding landscape. While they 

did observe road mortality of some of their transmitter equipped turtles, their study did 

not focus on determining the impacts of roads on population viability, so does not make 

assumptions about whether or not the observed road mortality could potentially reduce 

overall population size. 

In addition to finding no significant relationship between painted turtle relative 

abundance and high traffic roads, I did not find the predicted male-biased sex-ratio at 

Road sites. This finding tends to support the interpretation that there is no negative effect 

of roads on the sampled populations rather than a road effect that was simply not detected 

through comparisons of relative painted turtle abundance. 

Conclusions and mitigation implications 

Road mortality is thought to be a leading cause of adult mortality in turtles, a 

species that is especially susceptible to population decline with increased adult mortality 

due to life history traits (Gibbs and Shriver 2002, Bulte et al. 2010). Road mortality was 

therefore predicted to have a strong negative impact on painted turtle populations. 

Contrary to what I expected however, my results suggest that high traffic roads, and thus 
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presumably elevated road mortality, do not negatively affect the sampled painted turtle 

populations. 

I cannot generalize my results however to say that road mortality does not ever 

negatively affect turtle populations. First, populations of other turtle species may be more 

susceptible to road mortality than are painted turtles. Gibbs and Shriver (2002) found in 

their modelling study that although populations of small-bodied pond turtles were 

unlikely to be negatively affected by road networks, large-bodied pond turtle and 

terrestrial turtles could potentially show population declines as a result of increased road 

density and traffic volume. This is likely because land based species and large-bodied 

pond turtles are known to move more frequently over land and cover greater distances 

than small-bodied pond turtles, thus increasing their chances of road mortality (Gibbs and 

Shriver 2002). In addition, there are certain situations in which road mortality is so high 

that population decline seems inevitable. Wood and Herlands (1997) studied a population 

of Northern Diamondback Terrapins (Malaclemys terrapin terrapin) in which female 

turtles are forced to migrate annually over land in search of suitable nesting sites as 

human developments have significantly reduced the suitable habitat in the area 

immediately surrounding the population's primary habitat. They incubated eggs from 

road-killed females and reared the hatchlings for several months before releasing them 

back into the population. However even with these intensive efforts, they were not able to 

successfully replace individuals into the population as quickly as they were being 

removed due to road mortality. Aresco (2003) looked at the impacts of U.S. Highway 27 

on several herpetofaunal species, including ten species of turtles. Construction of the 

highway, which bisects Lake Jackson, resulted in the creation of Little Lake Jackson, a 
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small arm of the original lake. Lake Jackson is prone to drying and when drought occurs, 

the turtle populations from Lake Jackson undergo mass migration across Highway 27 to 

Little Lake Jackson. This migration represents the largest turtle migration on record with 

more than 1200 turtles attempting to cross Highway 27 per km per year, and with only a 

2% chance of successfully crossing (Aresco 2003); population decline in the long-run 

seems inevitable. 

In contrast to those examples, my study considered ponds where it is unlikely 

that turtles are forced to migrate over roads. My results suggest that road mitigation for 

turtles, at least painted turtles, may not be necessary in some cases. However there are 

clearly circumstances in which road mortality of turtles poses a distinct threat to the 

persistence of the population because of forced over-land migration across high traffic 

roads. It is at such sites that mitigation efforts for painted turtles should be focussed. 
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Table 1. Summary of pond size and surrounding area at each Road (R) and No Road (NR) site. Road age applies to the high traffic 
road at each Road site and total traffic volume (total AADT) is the Average Annual Daily Traffic (AADT) on each road multiplied by 
the total length of the road within a 300 m radius of each pond. Percent forest cover, crop cover and urban area are measured within a 
300m radi us of the pond. 

Cjfa Perimeter Area Pond age Road age Nearest major Total % forest % crop % urban Nearest body 
(m) (m2) (yrs) (yrs) road (m) AADT cover cover area of water (m) 

R1 377.8 5298.8 43 51 85 79146.9 0.1 0 66.2 320 
R2 845.5 13425.0 48 48 55 10848.1 45.5 7.6 0 465 
R3 389.1 4614.3 43 90 65 5362.7 20.7 15.5 0 330 
R4 575.8 19878 48 48 62 22104.2 15.6 33.6 0 490 
R5 323.3 7229.0 48 48 50 17977.5 16.2 4.0 0.1 290 
R6 173.1 1035.0 47 50 10 4126.9 34.5 35.8 0 350 
R7 298.8 4111.0 50 50 50 5559.6 30.7 24.9 0 475 
R8 472.3 3862.2 45 38 57 31383.9 23.4 29.2 0 260 
R9 244.8 2720.3 43 73 120 3421.3 49.8 20.2 3.8 265 
RIO 231.3 3244.2 43 50 100 4990.7 58.5 0 4.4 370 
Mean 393.2 6541.7 46 55 65 18492.2 29.5 17.1 7.5 362 
NR1 601.6 14200.0 52 - 3200 139.8 55.9 14.2 0 320. 
NR2 244.7 3773.0 30 - 1600 8.5 43.4 12.8 0 250 
NR3 291.1 6070.4 35 - . 945 0 66.7 19.8 0 440 
NR4 508.5 7536.5 48 - 980 240.4 2.8 59.8 0 250 
NR5 252.6 1759.5 80 - 465 311.8 7.8 53.1 2.1 295 
NR6 88.5 553.4 42 - 2030 85.9 22.4 55.4 0 690 
NR7 827.2 10666.0 44 - 2500 0 76.0 0 0 605 
NR8 332.7 4148.9 25 - 300 195.9 56.5 2.9 11.5 365 
NR9 462.8 11221.0 75 - 1700 0 41.1 13.4 0 280 
NR10 219.2 2237.8 90 - 1450 140.8 37.7 27.6 0 320 
Mean 382.9 6216.7 52 1517 112.3 41.1 25.2 1.4 382 
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Table 2. Results of t-tests comparing local and landscape variables at Road and No Road 
sites. Variables (a) - (d) were estimated within a 5m radius of the pond edge, variables 
(e) - (j) were estimated at the surface of each pond and variables (k) - (m) were estimated 
within a 300 m radius of each pond. 

Variable Site Type Mean SE t df P 

(a) % Forest cover 
Road 
No Road 

36.0 
53.7 

10.2 
9.4 

1.27 18 0.218 

(b) % Grass cover 
Road 
No Road 

33.3 
35.8 

10.5 
11.0 

-0.967 18 0.346 

(c) % Shrub cover 
Road 
No Road 

12.5 
10.5 

7.8 
4.9 

-0.219 18 0.829 

(d) % Open ground 
Road 
No Road 

1.0 
0.0 

0.7 
0.0 

-1.5 9 0.168 

(e) % Open water 
Road 
No Road 

81.3 
87.9 

4.3 
2.4 

1.356 18 0.192 

(f) % Emergent vegetation 
Road 
No Road 

7.5 
7.7 

1.7 
2.1 

0.075 18 0.941 

(g) % Submerged aquatic 
vegetation 

Road 
No Road 

11.2 
4.4 

3.7 
1.5 

-1.686 12 0.118 

(h), Mean pH 
Road 
No Road 

9.5 
9.0 

0.2 
0.2 

-1.603 18 0.126 

(i) Mean temperature 
Road 
No Road 

25.5 
25.9 

0.4 
0.5 

0.582 18 0.568 

(j) Mean conductivity 
Road 
No Road 

656.8 
290.5 

214.2 
81.1 

-1.6 18 0.127 

(k) % Forest cover 
Road 
No Road 

29.5 
41.0 

. 5.7 
7.7 

1.212 18 0.241 

(" )  % Crop cover 
Road 
No Road 

17.1 
25.9 

4.3 
7.0 

1.068 18 0.300 

(m) % Urban area 
Road 
No Road 

7,5 
1.4 

6.6 
1.1 

-0.917 18 0.371 

(n) Distance to nearest body 
of water (m) 

Road 
No Road 

362.0 
382.0 

27.4 
48.2 

-0.361 18 0.722 
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Table 3. Results of simple linear regressions using square root-transformed Turtle 
Observations as the response variable. Predictor variables (a) - (d) were estimated within 
a 5m radius of the pond edge, variables (e) - (j) were estimated at the surface of each 
pond and variables (k) - (m) were estimated within a 300 m radius of each pond. 

Predictor variable R2 P F df P 

(a) % Forest cover <0.001 0.011 0.002 1, 18 0.963 

(b) % Grass cover 0.003 0.056 0.056 1,18 0.815 

(c) % Shrub cover 0.012 -0.107 0.21 1, 18 0.652 

(d) % Open ground cover 0.004 -0.065 0.076 1, 18 0.785 

(e) % Open water 0.005 0.068 0.083 1,18 0.776 

(f) % Emergent vegetation 0.117 0.342 2.392 1,18 0.139 

(g) % Submerged aquatic vegetation 0.085 -0.292 1.675 1, 18 0.212 

(h) Mean pH 0.039 -0.198 0.734 1, 18 0.403 

0) Mean temperature 0.01 0.098 0.174 1,18 0.681 

(j) Mean conductivity 0.142 -0.376 2.967 1, 18 0.102 

(k) % Forest cover 0.115 0.339 2.341 1,18 0.143 

(1) % Crop cover 0.143 -0.379 3.013 1,18 0.100 

(m) % Urban area 0.055 -0.235 1.053 1,18 0.318 

(n) Distance to nearest waterbody (m) 0.001 0.035 0.022 1, 18 0.884 
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Table 4. Results of three multiple linear regressions using square root transformed Turtle 
Observations as the response variable and (a) Observability index and site type (Road vs. 
No Road, where Road = 1 and No Road = 0), (b) Observability index and road density 
and (c) Observability index and total traffic volume (total AADT) as predictor variables. 

Source df F p p 

Corrected model 2,17 6.067 - 0.010 
Observability index 1 12.07 0.498 0.003 

,a' Site type 1 0.171 0.178 0.685 

R2 = 0.416 

Corrected model 
Observability index 
Road density 

R2 = 0.419 

Corrected model 2,17 5.928 - 0.011 
Observability index 1 11.341 0.638 0.004 

(c) Total AADT 1 0.007 -0.016 0.934 

R2 = 0.411 

2, 17 6.134 
1 11.883 

1 0.250 

0.010 
0.638 0.003 

-0.092 0.623 
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Figure 1. Distribution of the 20 ponds (10 Road (•; R) and 10 No Road (o; NR) sites) sampled across eastern Ontario from June 1st to 
August 28th, 2011. Ponds were paired based on geographic proximity, with the exception of one pair that was separated by a 
relatively large distance compared to the other pairs (pair G). Paired sites share the same capitol letter (A - H), based on the order in 
which they were sampled, beginning with pair A. The study region was divided into four areas: north-east [NE], south-east [SE], 
south-west [SW] and north-west [NW], shown by the dashed lines, with one pair of ponds from each area being sampled in a 
rotational manner. 
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Figure 2. Summary of the sampling protocol. Ponds were paired (pond 1 = white box, pond 2 = grey box) and 
sampled twice daily for 3 consecutive days twice during the summer (totalling 6 sampling days at each pond). 
Sampling days were divided into 4 periods: Morning 1 (Ml), Morning 2 (M2), Afternoon 1 (Al) and Afternoon 2 
(A2) such that each of the ponds within a sampling pair was visited once in the morning and once in the afternoon 
each sampling day. The order of visits alternated each day. 

42 



(a) 

Figure 3. Example of one of the hoopnets used during the study, (a) shows, on land, how 
a hoopnet is set up once it is in the water; (b) shows a hoopnet set up at a pond with an 
added floatation device to allow trapped turtles constant access to the surface for air. 
Two hoopnets (61 cm diameter, 183 x 91 cm wings, 3.8 cm square nylon netting) were 
installed at each site with the open end facing shore. Nets were baited with sardines and 
left in place for the duration of each three consecutive day period. 
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Figure 4. One of the permanent unique marks given to each turtle that was captured. 
Marks were made by drilling a small hole in the outer edge of two marginal scutes. 
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Figure 5. The number of Turtle Observations (square root transformed) at Road (•) and 
No Road (O) sites plotted against Observability index. 
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Figure 6. The number of male and female turtles captured at Road and No Road sites. 
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Figure 7. Mean body size of captured males (•) and females (•), measured as straight line carapace length in mm, across Road 
and No Road sites. 
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Appendix A. The number of turtle observations made between June 1st and August 28th, 2011. "Turtle Observations" include all 
observations that were affected by observability (turtle sightings and turtles captured by dipnet or by hand). "Maximum Basking 
Observations" is the highest number of turtle Basking Observations made during a single visit. "In-water Observations" include all 
observations made while turtles were swimming in the water. 
Site Turtle Observations Maximum Basking Observations In-water Observations 

R1 4 1 3 

R2 21 4 2 
R3 72 6 38 

R4 14 1 9 
R5 19 5 3 
R6 3 1 2 
R7 28 3 13 
R8 29 3 17 
R9 20 5 4 
RIO 11 2 7 

Total 221 31 98 

NR1 121 24 14 
NR2 55 5 38 
NR3 11 5 0 
NR4 3 0 3 
NR5 0 0 0 
NR6 13 6 2 
NR7 42 13 19 
NR8 5 3 1 
NR9 26 5 8 
NR10 0 0 0 

Total 276 61 85 
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Appendix B Turtles captured by dipnet or hoopnet between June 1st and August 28th, 2011. Sex was determined using secondary sex 
characteristics: the male cloacal opening extends past the posterior edge of the carapace while the female's does not. Males also have 
much longer foreclaws. I used the carapace length of the smallest identifiable male I sampled as the minimum size for assigning sex. 

Site 
Turtles Captured Females Males Juveniles 

Site 
Total Dipnet Hoopnet Total Dipnet Hoopnet Total Dipnet Hoopnet Total Dipnet Hoopnet 

R1 3 0 3 2 0 2 1 0 1 0 0 0 

R2 4 0 4 3 0 3 1 0 1 0 0 0 

R3 5 3 2 3 2 1 1 0 1 1 1 0 

R4 2 0 2 1 0 1 0 0 0 1 0 1 
R5 4 0 4 1 0 1 3 0 3 0 0 0 

R6 1 0 1 1 0 1 0 0 0 0 0 0 
R7 7 2 5 3 2 1 4 0 4 0 0 0 

R8 2 0 2 2 0 2 0 0 0 0 0 0 
R9 2 0 2 1 0 1 1 0 1 0 0 0 

RIO 0 0 0 0 0 0 0 0 0 0 0 0 

Total 30 5 25 17 4 13 11 0 11 2 1 1 
NR1 18 8 10 11 7 4 5 0 5 2 1 1 
NR2 7 0 7 2 1 1 5 0 5 0 0 0 
NR3 6 0 6 2 0 2 4 0 4 0 0 0 
NR4 4 0 4 3 0 3 1 0 1 0 0 0 
NR5 0 0 0 0 0 0 0 0 0 0 0 0 
NR6 2 0 2 2 0 2 0 0 0 0 0 0 
NR7 2 1 1 1 1 0 1 0 1 0 0 0 
NR8 0 0 0 0 0 0 0 0 0 0 0 0 
NR9 7 5 2 . 2 2 0 5 3 2 0 0 0 
NR10 0 0 0 0 0 0 0 0 0 0 0 0 

Total 46 14 32 23 11 12 21 3 18 2 1 1 

49 



Appendix C. Summary of the local variables estimated at each site. Percent area covered by forest, grass, shrub and open ground 
(such as dirt or gravel) were estimated within a 5 m radius of the pond edge. Percent cover by openwater, emergent vegetation and 
submerged vegetation were all estimated at the pond surface. pH, temperature and conductivity were measured at the pond surface. 

Site % 
Forest 

% 
Grass 

% 
Shrubs 

% Open 
ground 

% Open 
water 

% Emergent 
vegetation 

% Submerged 
vegetation 

pH Water 
temperature 

Conductivity 

R1 0 90 5 5 60 5 35 8.2 23.9 2231.1 

R2 0 20 80 0 70 10 20 8.7 25.5 264.7 

R3 10 90 0 0 90 5 5 8.9 24.4 411.3 

R4 15 85 0 0 98 0 2 10.4 25.1 274.7 

R5 75 5 20 0 85 5 10 9.6 25.8 517.3 

R6 80 15 5 0 80 15 5 9.1 24.0 1481.5 

R7 50 50 0 0 60 15 25 9.3 26.4 713.2 

R8 10 80 5 5 90 10 0 9.9 27.5 354.7 

R9 70 30 0 0 90 10 0 10.2 26.8 136.0 

RIO 50 40 10 0 90 0 10 10.4 25.8 184.0 

Mean 36 51 13 1 81 8 11 9.5 25.5 656.8 

NR1 70 20 10 0 85 15 0 8.1 24.9 121.7 

NR2 0 100 0 0 95 5 0 9.0 25.4 174.7 

NR3 70 10 20 0 75 20 5 7.9 28.1 134.3 

NR4 45 5 50 0 90 0 10 9.6 27.5 187.4 
NR5 2 98 0 0 80 5 15 8.8 22.3 644.5 

NR6 70 30 0 0 93 5 2 9.5 25.4 261.6 

NR7 80 20 0 0 80 15 5 8.6 26.7 26.0 

NR8 60 35 5 0 90 5 5 9.2 26.4 851.9 

NR9 80 10 10 0 95 5 0 9.6 26.0 227.7 

NR10 60 30 10 0 96 2 2 9.4 26.1 275.4 

Mean 53.7 35.8 10.5 0 87.9 7.7 4.4 9.0 25.9 290.5 
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Appendix D. Results of four multiple linear regressions using square root transformed Maximum Basking Observations as the 
response variable and (b) pond size with site type (Road vs. No Road, where Road = 1 and No Road = 0), (c) pond size with road 
density (m/km2) and (d) pond size with total traffic volume (total AADT) as predictor variables. 

Predictor variable R2 df F P P 
(a) Pond size 0.126 1,18 2.586 0.354 0.125 

(b) Site type 0.013 1,18 0.232 -0.113 0.636 

(c) Road density 0.052 1,18 0.993 -0.229 0.332 

(d) Total AADT 0.034 1,18 0.624 -0.183 0.440 

Appendix E. Results of four simple linear regressions using square root-transformed Maximum Observations as the response variable 
and (a) pond size (perimeter in m), (b) site type (Road vs. No Road, where Road = 1 and No Road = 0), (c) road density (m/km2) and 
(d) total traffic volume (total AADT) as predictor variables. 

Predictor variable R2 df F P P 

(a) Observability index 0.116 1,18 2.367 0.341 0.141 

(b) Site type 0.035 1,18 0.647 0.186 0.432 

(c) Road density <0.001 1,18 <0.001 0.005 0.984 

(d) Total. AADT <0.001 1,18 <0.001 0.005 0.984 
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